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Society
ing by El
of Egyp
osting by EAbstract Reconstruction of a breast after mastectomy using the contralateral lower pole breast
ﬂap is an appealing procedure because it uses the tissues that were going to be excised during reduc-
tion of the sound breast to achieve symmetry. The literature mentioned that these ﬂaps are supplied
by the lower internal mammary artery perforators (IMAPs) with no further details.
The aim of this study was to determine the site, size and number of the 4th and 5th IMAPs by using pre-
operatively color Duplex ultrasound and to assess its accuracy with intraoperative exploration. Twenty
breasts in ten patients who presented for reduction mammoplasty were included in this study. Preoper-
ative color Duplex ultrasound determined IMAPs in the 4th and 5th intercostal spaces. Intraoperative
localization of these perforators assured the accuracy of the color Duplex. Statistically, the 4th IMAP
diameters were signiﬁcantly larger than the 5th IMAP diameters (P< 0.05). The study concluded that
color Duplex ultrasound is an accurate tool to preoperatively determine the 4th and 5th IMAPs.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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86 S. Abou-Gamrah et al.1. Introduction
Breast reconstruction following mastectomy is a feasible op-
tion to help restore the body shape and image of the afﬂicted
women. There are multiple surgical procedures for the recon-
struction of the female breast, including the use of a mammary
prosthesis (implant) or various autologous tissues.
Theoretically, regarding autologous reconstruction, the low-
est donor site morbidity could be achieved by using tissue that
would be otherwise rejected during an operation necessary for
a different reason. Adoption of this principle was the cause be-
hind the introduction of the transverse rectus abdominismyocu-
taneous (TRAM) ﬂap for breast reconstruction [1,2]. Likewise,
in properly selected post-mastectomy patients in whom the
remaining breast has to be reduced anyway because of hypertro-
phy, the resected part of such a reduction mammoplasty can be
used as a tissue source for the other breast reconstruction.
Many works (both anatomical and review studies) concern-
ing chest wall and breast arterial supply had appeared since the
turn of the twentieth century. One of the early and technically
acceptable researches was the Salmon injection study, in 1939
[3], in which he concluded that the arteries of the breast take
their origin from three systems: axillary, internal mammary,
and intercostal arteries. Salmon [3] stated that the ﬁrst two sys-
tems were the major sources of mammary blood, while the aor-
tic contribution was minor.
More acknowledged, and hence more commonly cited stud-
ies in the plastic surgery literature describing the anterior chest
wall – including the breast– vascular territories (referred to as
angiosomes) were published later [4,5].
The internal mammary artery perforators (IMAPs) provide
the vascular basis for many cutaneous (glandulo-cutaneous in
females) ﬂaps in the region of the anterior chest wall, with var-
iable reconstructive applications for the breast [6–12], the ante-
rior chest wall, and the head and neck region [13–16].
The articles that published the use of ﬂaps based on the
lower IMAPs for the chest wall and the contralateral breast
reconstruction [6–12,17] presented no precise data regarding
the exact name, size, location and number of perforators that
were included in these ﬂap pedicles.
Whereas Schoeller and colleagues, in 2001 [12] considered
the 4th and 5th IMAPs to be the main blood supply to the low-
er part of the breast, other authors [4,15,18,19] considered that
the 4th IMAPs are the main supply to the lower part of the
breast while the 5th ones are responsible for the tissues caudal
to the inframammary folds.
Color Duplex sonography is a highly valuable and practical
contrivance that radiologists and plastic surgeons use for the
preoperative mapping of perforating vessels throughout the
cutaneous territory of a ﬂap, aiming at improving their surgi-
cal strategies so that the operative procedures can proceed in a
faster and safer way. Several early introduced studies using
color Duplex sonography provided useful information related
to the location, caliber, and ﬂow patterns of the perforators in
the planning of the TRAM ﬂap [20,21].
Blondeel and coworkers in 1998 [22] reviewed their experi-
ence in using preoperative sonographical assessment. They
appreciated and acknowledged the usefulness of the color
Duplex, in terms of providing preoperatively the necessary
information on vascular anatomy of the used ﬂaps.
Schoeller et al. [12] and Dian et al. [17] conducted Doppler
sonographic studies for the internal mammary arteryperforators before elevating ﬂaps based on them. They de-
tected the perforators but gave no details regarding site, size
or exact location.
Schmidt and associates, in 2010 [19], investigated the
vascular basis of the IMAP ﬂap, and described the location
and diameter of the individual IMAPs, but through a cadav-
eric injection study. However, they advised conducting a pre-
operative Doppler sonography on the IMAPs in clinical
situation.
The aim of this study was to determine the site, size and
number of the internal mammary artery perforators occupying
the 4th and 5th intercostal spaces in patients presented for
reduction mammoplasty, using color Duplex ultrasound and
intraoperative exploration.
2. Patients and methods
This study was conducted on 10 female patients with bilateral
huge breasts who presented for reduction mammoplasty. A
signed written informed consent was obtained from each
patient regarding her agreement on participation in this study.
A preoperative color duplex sonographic assessment of the
internal mammary artery perforating branches in the 4th and
5th interspaces was performed, followed by intraoperative
double check of the Duplex-obtained data.
2.1. Sonographic technique
A color Duplex scanner (LOGIQ 7 PRO: General Electric
Yokogawa Medical Systems Ltd., Tokyo, Japan) was used to
preoperatively visualize the perforation site (distance from
the lateral sternal border), the diameter, and identify the num-
ber of detectable IMAPs (if any) in each of the above two men-
tioned intercostal spaces. To avoid potential errors caused by
different interpretations, as ultrasound explication is operator
dependent, this interpretation was done by a single radiologist
(Abou-Gamrah), experienced in Duplex assessment of small
vessels.
At ﬁrst, each patient was positioned in the supine position,
and then the intercostal spaces from the 2nd–5th were marked
on both sides of the chest (Fig. 1). Parasternal regions at the
4th and 5th spaces were bilaterally scanned using B-mode
ultrasonography with a linear probe frequency of 12 MHz
after adjusting the B-mode gain to clearly visualize the deep
fascia, then a color Duplex with pulsed Doppler wave was
used to detect the perforators after adjusting the following
parameters: pulse repetition frequency at low setting level to
detect low velocities; color gain to avoid over or under esti-
mation of the perforator’s diameter; the Doppler angle to
be less than 60 degrees; and the sample volume of the Dopp-
ler beam.
The site of the detectable perforator(s) was projected by a
colored marker on the patient’s skin so as to estimate the label
remoteness (representing the perforation site) from the ster-
num (Fig. 2), and the number of encountered perforators
para-sternally in each investigated space was counted as well.
The inner diameter of each perforator was measured (Fig. 3).
Figs. 4–8 show color duplex photos for perforators penetrating
the fascia to reach the dermo-glandular target.
Data were recorded for analysis, and documentation was
done by ultrasound photos. The ﬁndings collated were com-
pared with anatomic data obtained later intra-operatively.
Fig. 1 Anterior chest wall of a female in supine position showing
pre-Duplex marking of the 2nd through the 5th intercostal spaces.
Fig. 2 Anterior chest wall of the same female in Fig. 1 showing
post-Duplex labeling of the visualized perforator sites in order to
measure how far laterally they are from the sternum. No markings
are seen in the 5th space in this photo because the 5th perforators
were absent in this patient.
Fig. 3 Duplex photo shows the diameter and depth of a certain
visualized 5th IMAP from the skin surface. The point of
measurement was at the perforation point.
Fig. 4 Duplex photo shows a 4th IMAP while perforating the
superior surface of the pectoralis major muscle (the dashed line).
Fig. 5 Duplex photo shows an intramuscular course (below the
dashed line) of an IMAP before emerging through the pectoralis
surface (the dashed line itself) to the overlying breast tissue.
Fig. 6 Duplex photo shows the highly tortuous course (above
the dashed line) of one IMAP while traversing through the breast
tissue fat just after perforating the pectoralis major (the dashed
line).
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Fig. 7 Duplex photo shows another potential variation in the
trajectory of an IMAP which coursed tangential to the fascia
overlying the pectoralis (dashed line) for a distance.
Fig. 8 Duplex photo shows a 5th IMAP seen while passing
between the 4th and 5th ribs (the two consecutive jet-black areas)
before perforating the overlying pectoralis major (the dashed line).
Fig. 9 Intraoperative view of a left side breast during reduction
mammoplasty using the superior pedicle technique. Skeletonized
4th IMAP (on the white background) is shown while entering to
the going-to-be excised lower breast tissue just before I.V.
ﬂuorescein injection.
Fig. 10 Intraoperative view of a right side breast during
reduction mammoplasty shows the 4th and 5th IMAPs entering
the still medially attached lower breast tissue before the comple-
tion of excision and before I.V. ﬂuorescein injection.
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The collected data were introduced to a personal computer
using statistical package for social science (SPSS 15.0.1 for
windows; SPSS Inc., Chicago, IL, 2001). Paired t-test was used
to statistically compare two values. A P-value < 0.05 was as-
sumed as signiﬁcant.
2.2. Surgical technique
A superior-pedicle based reduction mammoplasty was per-
formed for all patients. The excess inferior lipoglandulo-cuta-
neous part of each breast was dissected to its medial border to
visualize any potential perforator(s) emerging from the 4th and
5th interspaces para-sternally, and entering this tissue mass
(Figs. 9 and 10). After perforator(s) identiﬁcation, the patient
was intravenously injected with 20 mg/kg ﬂuorescein dye (ﬂuo-
rescein sodium) under supervision of the anesthesia team, and
after 15–20 min a Wood’s lamp was used, with the room light
off, to evaluate the ﬂuorescence of this inferior part of the
breast going to be excised, and thus its real-time perfusion
(Figs. 11 and 12). Before dye injection, all the patients were
tested for sensitivity to the dye by injecting 0.05 ml intrader-
mally. Then the identiﬁed perforator(s) was (were) divided,
and excision of the excess inferior breast tissue was completed.3. Results
Ten females with bilateral gigantomastia needing reduction
mammoplasty were included in this series, aged between 28
and 42 years (mean 33.2 ± 4.1 SD). Both breasts of all pa-
tients (n= 20) were examined preoperatively with color Du-
plex seeking to visualize, and identify the aforementioned
parameters pertaining to the 4th and 5th IMAPs (Table 1).
As the mean distance measured from suprasternal notch to
nipple-areola complex (NAC) on the right (n= 10) equaled to
that on the left (n= 10) breasts, being 39.2 cm (range, from
35-48 cm on the right side, and from 35-47 cm on the left),
so the NAC remoteness from suprasternal notch was not sig-
niﬁcantly different between both breast sides (Tables 1 and 2).
The mean diameter measured by Duplex of the 20 perfora-
tors on the right chest wall was 1.06 ± 0.38 mm (ranged from
0.6 to 2.1 mm), and their average location lateral to the right
lateral sternal edge was 1.22 ± 0.49 cm (ranging between 0.5
and 2.5 cm) (Table 3).
Fig. 11 Intraoperative view of a breast during reduction
mammoplasty shows yellow-green ﬂuorescence of a circumferen-
tially isolated, yet medially-attached inferior breast pole tissue
mass 20 min after I.V. ﬂuorescein injection indicating real-time
tissue perfusion. This photo was taken under ultraviolet light while
the room is darkened.
Fig. 12 Intraoperative view of a breast during reduction
mammoplasty shows non-ﬂuorescent (dark blue) medially
attached lower breast tissue. This reﬂects non-vascularization at
the time of dye injection (due to accidental IMAP injury). Note
that the surrounding perfused tissues show yellow-green ﬂuores-
cence. This photo was taken under ultraviolet light while the room
is darkened.
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mean distance of 1.05 ± 0.6 cm (ranging between 0.5 and
2.5 cm) lateral to the left lateral sternal border, and they had
a mean diameter of 1.14 ± 0.4 mm (Table 3).
Statistically, it was found that the right-side assessed group
of perforators was neither signiﬁcantly larger (p= 0.509) nor
signiﬁcantly more away from the sternum (p= 0.368) than
their counterparts on the opposite chest side (Table 3).
When it came to comparing the 4th space perforators col-
lectively of both sides (n= 20) to the 5th space IMAPs
(n= 17) regarding their number, distribution and diameter,
we found that in all cases, a single IMAP only was sonograph-
ically visualized in each 4th intercostal space, but the situation
was different with the IMAPs in the 5th spaces (Table 1).
While, on one hand, there were two detectable IMAPs in the
5th space bilaterally in a single same patient, no IMAP could
be identiﬁed by Duplex in the 5th intercostal spaces of some
other patients (n= 5) (Table 1).
Despite this discrepancy encountered in distribution be-
tween the two IMAP groups, statistically, the 4th IMAPs were
not signiﬁcantly higher in number (p= 0.765) than the 5thTable 1 Patients’ ages, breast measurements, and individual IMAP
Cases Age
(years)
Suprasternal-NAC distance
(right breast) (cm)
Right 4th IMAP
diameter (mm)
Right 5
diamete
1st 38 36 1 0.8
2nd 30 38 0.8 2.1
3rd 30 45 0.8 1
4th 34 38 1.3 1
5th 31 39 1.4 0.9
6th 32 48 1.3 0.9
7th 33 38 1.9 Undete
8th 34 35 1 0.6, 0.7
9th 28 37 1 0.9
10th 42 38 1.1 0.7
NAC= nipple-areola complex, IMAP= internal mammary artery perfoones. But, contrariwise, the both-sides 4th IMAPs were signif-
icantly larger in diameter (p< 0.05) than their counterparts in
the 5th spaces bilaterally (mean diameters were 1.23 ±
0.34 mm, and 0.94 ± 0.39 mm respectively for both perforator
groups) (Table 4).
With respect to the mean distance from the sternal margin,
it was not signiﬁcantly different (p= 0.546) between the afore-
mentioned perforator groups (Table 4).
Intra-operatively, further meticulous lateral-to-medial para-
sternal dissection for the going-to-be excised lower glandulocu-
taneous breast tissue in order to check the validity (as to the
number and approximate location) of the preoperatively sonog-
raphy-gained IMAP-related data (Figs. 9 and 10) showed
roughly concordant results with those obtained before surgery.
The subsequent intravenous injection of ﬂuorescein dye, be-
fore completing the division of the still para-sternally attached
medial ﬂap border, in order to evaluate the tissue ﬂap viability
demonstrated an IMAP-dependent perfusion of this raised
glandulocutaneous tissue part in all cases but one (n= 19)
(Figs. 11 and 12).diameters.
th IMAP
r (mm)
Suprasternal-NAC
distance (left breast) (cm)
Left 4th IMAP
diameter (mm)
Left 5th IMAP
diameter
37 1.4 Undetectable
37 2 Undetectable
45 1 1.6 mm
37 1.3 Undetectable
39 1.4 1 mm
47 1.7 0.8 mm
ctable 38 1.3 Undetectable
35 1.2 0.5 mm, 0.5 mm
38 0.7 1.1 mm
39 1.1 0.9 mm
rator.
Table 2 Comparison between both sides of examined breasts regarding suprasternal-to-NAC remoteness.
Breast side Number Minimum (cm) Maximum (cm) Mean (cm) SD P-value*
Suprasternal-NAC distance Right 10 35 48 39.2 4.07 1.00
Left 10 35 48 39.2 3.70
SD= standard deviation, NAC= nipple-areola complex.
* The Student’s t-test for equality of means.
Table 3 Data comparison between right-side IMAPs and their left-side counterparts regarding average diameters and remoteness
from sternum.
Side Number Minimum maximum Mean SD P-value*
Diameter (mm) Right 20 0.6 2.1 1.06 0.38 0.509
Left 17 0.5 2 1.14 0.4
Distance from sternum (cm) Right 20 0.5 2.5 1.22 0.49 0.368
Left 17 0.5 2.5 1.05 0.6
SD= standard deviation, IMAP= internal mammary artery perforator.
* The Student’s t-test for equality of means.
Table 4 Data comparison between all the 4th IMAPs from both sides and so the 5th IMAPs regarding their average diameters and
remoteness from sternum.
Space Number Minimum maximum Mean SD P-value*
Diameter (mm) 4th 20 0.6 2 1.23 0.34 0.021
5th 17 0.5 2 1.14 0.4
Distance from sternum (cm) 4th 20 0.5 2.5 1.2 0.54 0.546
5th 17 0.5 2.5 1.08 0.56
SD= standard deviation, IMAP= internal mammary artery perforator.
* The Student’s t-test for equality of means.
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A cutaneous perforating branch, namely IMAP (internal
mammary artery perforator), is given off by the internal mam-
mary artery in each of the ﬁrst 5 to 6 intercostal spaces latero-
dorsal to the lateral border of the sternum. The IMAPs pierce
the medial ﬁbers of pectoralis major and ﬁnally penetrate the
overlying fascia. Then these vessels traverse superﬁcially in
subcutaneous tissue in a lateral-to-laterocaudal direction to
supply the skin of the ventromedial thorax and the medial
two-thirds of the breast in a sequential order, with an overlap
of supplied skin zones between consecutive perforators. In fe-
males, the 3rd and 4th space perforators tend to be large as
they contribute to the arterial supply of the breast [4,15,19,23].
With regard to the 4th and 5th IMAPs speciﬁcally, the 4th
IMAP has been proven through previous injection cadaveric
studies to contribute to the blood supply of the areola, in addi-
tion to its typically-supplied skin zone inferior to the areola
cranially to the submammary fold. The skin of the proximal
abdominal wall caudally to the inframammary fold is nour-
ished by the 5th IMAP [4,15,18,19].
In the current study the elevation of lower pole dermo-glan-
dular breast tissue on the 4th IMAP alone (in patients with
undetectable 5th IMAP) did not compromise the vascularity.
This proves that the 4th IMAP nourishes the whole lower pole
of the breast.Despite that raising ﬂaps based on the lower IMAPs (other
than the ﬁrst three perforators), to be used in chest wall defect
or contralateral breast reconstructions, has been reported in
some literatures [6–12,17]. They all presented no precise data
regarding the exact name, size, location and number of perfo-
rators that were included in these ﬂap pedicles.
Schmidt and associates, in 2010 [19], investigated the vascu-
lar basis of the IMAP ﬂap, and described the location and
diameter of the individual IMAPs, but through a cadaveric
injection study. However, they advised conducting a preoper-
ative Doppler sonography on the IMAPs in clinical situation.
The preoperative color Duplex scan results were afﬁrmed
intraoperatively by identifying the preoperatively sonogra-
phy-detected IMAPs, and then visualizing and evaluating the
perfusion of the raised breast tissue ﬂaps in real time through
intravenous ﬂuorescein injection. There were no serious com-
plications from the use of the dye in our series except for tran-
sient nausea in some patients.
The intravenous ﬂuorescein test is a simple, reliable and
safe (non-toxic) measure of tissue perfusion which has been
used successfully to predict skin ﬂap viability at the time of
operation. When given intravenously, the ﬂuorescein rapidly
diffuses from the intravascular to the interstitial (extravascu-
lar) space where it can be seen with conventional ultraviolet
light (Wood’s lamp) in a darkened room. Fluorescein absorbs
light in the ultraviolet range, and emits light in the visible
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administration of ﬂuorescein, all vascularized tissues appear
under ultraviolet light as bright yellow-green. Areas without
blood supply appear dark blue in color [24–28].
By far Schmidt’s study, in 2010 [19], is the most comprehen-
sively descriptive study demonstrating the reliable anatomy
(location and size) of the different IMAPs from the 1st one
through the 5th; depicting the different sizes and suggesting
the variable clinical applications for each IMAP ﬂap.
When we compared Schmidt et al. [19] results to ours with
respect to the maximally-measured perforation distance from
the sternum (being 2.5 cm in ours, and 4 cm in theirs) for the
4th IMAP the previously well-proven to be the reliable and
dominant supplying vessel to the medially-based lower pole
breast ﬂap we could conclude that if determined to raise this tis-
sue ﬂap as a pedicled one, it is better to avoid parasternal dissec-
tion closer than about 3 cm to the sternum to avoid jeopardizing
the coming blood supply through accidentally injuring the ped-
icle.Moving to the 4th perforator maximummeasured diameter
in both studies, we will ﬁnd they were almost the same (2.1 mm
in Schmidt’s and only 0.1 mm less in our research) thus favoring
the potential reliability of this vessel as a sufﬁcient single pedicle
for the ﬂap, as was additionally evidenced by the aforemen-
tioned ﬂuorescein injection test in our series.
Studying the 5th IMAP-relevant information compara-
tively between ours and Schmidt’s was ignored as actually it
would not have any impact on delineating the reliable vascular
anatomy of the medially-pedicled lower pole breast ﬂap, be-
cause Schmidt’s study already stated that the 5th perforator
vascular territory lies below the inframammary fold, and so
it is not included within the tissue ﬂap in question. Therefore,
including the 5th IMAP in the ﬂap pedicle would not substan-
tially inﬂuence the ﬂap perfusion, and furthermore will conﬁne
the rotational capacity of the ﬂap.
Another difference between the results of Schmidt et al
study and this current study is the absence of two 4th IMAPs
in the examined ten breasts in Schmidt et al study and the pres-
ence of the 4th IMAP in all the twenty breasts examined in the
current study. Up to our knowledge we consider our current
study to be the only study among the english literatures that
addressed exclusively the lower IMAPs, namely the 4th and
5th ones, regarding their size, location, potential number,
and their supplying territory in the breasts of living females
and not cadavers, and thus additionally proved the possibility
of elevating the otherwise discarded inferior mammary dermo-
glandular tissue in reduction mammoplasties as a ﬂap with
known and reliable axial vascular pattern.
The singular case of lower breast tissue non-ﬂuorescence
(appeared dark blue) could be explained by failure of the dye
to reach this dissected tissue part secondary to real-time perfu-
sion compromise which in-turn resulted from iatrogenic injury
to the single, supplying 4th IMAP during parasternal dissec-
tion just prior to injecting the dye.
5. Conclusion
Based on this study, in our opinion, Color duplex sonography
is an accurate modality to assess the perforators and preoper-
ative color Duplex scanning of the lower IMAPs to ensure the
presence at least of the 4th IMAP is highly advisable, or even a
must prior to breast reconstruction in order to avoid ﬂapvascular complications, as elevating the lower breast pole
tissue as a medially-based ﬂap without at least visualizing the
4th interspace IMAP by color Duplex prior to surgery will
not often be opportune.References
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